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© Branching filter, branching filter module and radio communication apparatus. 



© A high-frequency apparatus usable as a branch- 
ing filter, branching filter module and/or a radio com- 
munication apparatus. The high-frequency apparatus 
^ includes a conductor substrate, a first dielectric layer 
<i provided on the conductor substrate, a strip conduc- 
tor provided on the first dielectric layer, and a sec- 
00 ond dielectric layer provided on the strip conductor 
CO and having through holes provided therein. At least 
1^ one elastic surface-wave element is provided over 
CO the second dielectric layer in a position above the 
CO strip conductor and is connected to the strip conduc- 
O tor bv the through holes. 




FIG. 1(a) 
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BACKGROUND OF THE INVENTION 

The present invention relates to a branching 
filter for achieving separation between a transmit- 
ting signal and a receiving signal, a branching filter 
module, and the like, which are mounted to dif- 
ferent radio communication apparatus, each of 
which shares the use of a transmitting and receiv- 
ing antenna, and to a radio communication appara- 
tus using branching filter module and the like. 

As an example illustrating the structure of a 
conventional branching filter, reference is made to 
Japanese Patent Application Laid-Open Publication 
No. 62-171327. 

The branching filter is constructed in such a 
manner that different elements necessary for the 
formation of the branching filter, such as transmit- 
ting and receiving signal filters for effecting filtering 
processes on transmitting and receiving signals 
using desired pass-band characteristics, signal 
transmission lines (formed by patterning, for exam- 
ple), an amplifying device or element, an interstage 
filter, etc. are all provided on the same substrate 
(called support base). Thus, the conventional 
branching filter or branching filter module wherein 
all the necessary elements have been provided on 
the same substrate, has generally been widely 
used. 

Also, there has been proposed a branching 
filter wherein a package is formed by multilayer 
alumina made of alumina used as a material and 
an elastic surface-wave filter having a piezoelectric 
substrate and cord-like electrodes provided on the 
piezoelectric substrate is provided within the pack- 
age, a branching filter module, etc. 

The prior art is accompanied by a problem that 
since a two-branch circuit (e.g., a two-branch strip 
line) is provided on a single-layer type dielectric 
substrate, it is difficult to stack other circuit on the 
two-branch circuit and a size reduction becomes 
disadvantageous. This is because a strip line hav- 
ing a stable line impedance cannot be formed 
unless a conductor plate is structurally provided on 
a two-branch circuit (corresponding to a strip con- 
ductor) with a dielectric layer interposed there- 
between. 

In the structure wherein the two-branch circuit 
is simply disposed on the single-layer type dielec- 
tric substrate, the two-branch circuit is not con- 
structed in the form of a closed structure. It was 
therefore necessary to provide shields or the like to 
reduce external noise and stabilize the line imped- 
ance. 

Now, the closed structure is equivalent to a 
structure shown in Fig. 1 1 . Namely, it is necessary 
to stack a dielectric on a conductor substrate in a 
state in which a conductive strip conductor (e.g., a 
two-branch circuit) has been embedded in order to 



form a strip line having a stable line impedance. It 
is also necessary to stack a conductor plate on the 
dielectric. Such a structure will hereinafter be re- 
ferred to as a "closed structure". It is of course 
5 unnecessary to make the area of the conductor 
plate shown in Fig. 11 identical to that of the 
conductor substrate. However, the strip conductor 
needs to have an area corresponding to an extent 
sufficient that the strip conductor is interposed be- 
10 tween the conductor substrate and the conductor 
plate with the dielectric interposed therebetween. 

Since it is necessary to provide the conductor 
plate in this manner, the degree of freedom of 
laying out other circuit elements provided on the 
75 conductor substrate is limited. 

It is also necessary to take into consideration 
impedance matching when it is desired to use a 
filter. It is therefore necessary to provided a match- 
ing circuit. However, the simple provision of the 
20 matching circuit on the support base makes it more 
difficult to reduce a size of a branching filter. 

These problems can be solved more or less in 
the case of a branching filter using the aforemen- 
tioned multilayer alumina. However, a problem still 
25 remains that the transmission loss of the two- 
branch circuit increases due to the difficulty of 
fabricating a multilayer alumina substrate and re- 
strictions on characteristics of materials. 

30 SUMMARY OF THE INVENTION 

It is therefore an object of the present invention 
to provide a branching filter which is small in size 
and high in performance (corresponding to perfor- 
35 mance such as a reduction in transmission loss at 
a high-frequency domain). 

It is another object of the present invention to 
provide different radio apparatus, each using a 
branching filter, which can be reduced in size and 
40 weight. 

In accordance with the present invention, there 
is provided a branching filter which comprises a 
conductor substrate, a first dielectric layer provided 
on the conductor substrate, a strip conductor pro- 
45 vided on the first dielectric layer, a second dielec- 
tric layer provided on the strip conductor and hav- 
ing a plurality of through holes defined therein, and 
at least one elastic surface-wave filter provided on 
the second dielectric layer so as to be located in a 
so position above the strip conductor, and the elastic 
surface-wave filter being connected to branches of 
the strip conductor by the through holes. 

According to features of the present invention, 
the strip conductor is a two-branch strip line con- 
55 ductor having transmitting and receiving terminals 
to which devices including an antenna are connec- 
table and transmitting and receiving elastic surface- 
wave filters are provided on the second dielectric 
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layer which has a conductor member for forming a 
strip line. 

Accordingly, the second dielectric layer has a 
terminal for inputting a transmitting signal received 
by the transmitting elastic surface-wave filter, a 
terminal for outputting a filtering signal from the 
transmitting elastic surface-wave filter, a terminal 
for inputting a transmitting signal received by the 
receiving elastic surface-wave filter and a terminal 
for outputting a filtering signal from the receiving 
elastic surface-wave filter, all of which are provided 
on the second dielectric layer. 

Preferably, each of the elastic surf ace- wave 
filters is comprised of a plurality of elastic surface- 
wave resonators formed on a piezoelectric sub- 
strate and spiral coils formed on a substrate dif- 
ferent from the piezoelectric substrate and is con- 
structed such that the elastic surface-wave resona- 
tors are respectively electrically connected to the 
spiral coils. 

In accordance with the present invention, a 
branching filter module can also be constructed 
wherein at least any of circuits including a match- 
ing circuit, an amplifying circuit and an interstage 
filter is provided on the second dielectric layer so 
as to be connected to at least one terminal of at 
least one elastic surface-wave filter. 

Further, a branching filter module is also con- 
sidered wherein the area of the first dielectric layer 
is made greater, and a two-branch strip line con- 
ductor and at least any of circuits including a 
matching circuit, an amplifying circuit and an inter- 
stage filter are provided on the first dielectric layer. 
Incidentally, a radio communication apparatus us- 
ing the branching filter or the branching filter mod- 
ule referred to above is also considered. 

According to the present invention as de- 
scribed above, a two-branch strip line is disposed 
in an intermediate position of a multilayer dielectric 
comprised of a plurality of layers and a receiving 
elastic surface-wave filter and a transmitting elastic 
surf ace- wave filter are provided on the uppermost 
layer of the multilayer dielectric in order to achieve 
the above object. Further, the receiving elastic sur- 
face-wave filter and the transmitting elastic surface- 
wave filter are connected to their corresponding 
branches of the two-branch strip line by way of 
formed through holes. 

Incidentally, each of the through holes is 
shaped in the form of a semicircular groove as 
indicated by X in Fig. 1(b) and is coated with a 
conductive material. It is needless to say that a 
circular through-hole is also used as an alternative 
to the semicircular groove. Such semicircular 
grooves as indicated by A in Fig. 1(b), which are 
employed in the accompanying drawings of the 
present application, are all through holes. Desired 
elements are electrically connected to one another 
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by the through holes referred to above. 

As an elastic surface-wave filter, one disclosed 
in Japanese Patent Application Laid-Open Publica- 
tion No. 5-7125 or Japanese Patent Application 

5 Publication No. 4-211201, for example may prefer- 
ably be used wherein a plurality of surface-wave 
resonators provided on a piezoelectric substrate 
and spiral coils formed on a substrate different 
from the piezoelectric substrate by conductor pat- 

10 terns are connected to one another by harnesses. 
Of course, different devices such as a stub, an 
amplifier, other filters, etc. can also be provided on 
a multilayer dielectric. A branching filter formed in 
this way can be easily applied to different radio 

15 communication apparatus. 

According to the present invention, a branching 
filter having the above construction, different parts 
can be provided on the outermost layer (e.g., the 
uppermost layer) of the multilayer dielectric be- 

20 cause the two-branch strip line is disposed in the 
intermediate position of the multilayer dielectric. 
Namely, the two-branch strip line is first construct- 
ed such that since a dielectric layer and an earth or 
ground conductor may exist on upper and lower 

25 sides of a strip conductor with the strip conductor 
as the center, the conductor is disposed through 
the dielectric layer to ensure a closed structure 
formed in this manner. Next, various parts, circuit 
elements, etc. can be mounted within a space 

30 other than a space occupied by the ground con- 
ductor provided to form the closed structure in the 
dielectric layer stacked on the strip conductor. Al- 
ternatively, a dielectric layer and a conductor layer 
are further provided on an external portion (an 

35 upper portion, for example) of a ground conductor 
layer provided on a strip conductor with the dielec- 
tric layer interposed therebetween. In doing so, the 
dielectric layer can be used for disposing various 
circuit wiring patterns and a microstrip line thereon. 

40 Since the elastic surface-wave filter formed by 

connecting necessary portions of a plurality of sur- 
face-wave resonators provided on a piezoelectric 
substrate and spiral coils formed on a different 
substrate by conductive patterns and to one an- 

45 other, is used as the elastic surface-wave filter, it is 
unnecessary to provide a matching circuit. Thus, 
the branching filter can be further reduced in size. 

The length of a normal two-branch strip line 
requires a length corresponding to one-fourth of a 

so wavelength I of an electromagnetic wave defined 
by a dielectric constant of a dielectric substrate to 
be used and a frequency to be used. Since, how- 
ever, the surface-wave filter has a line length of I/8 
or so within a frequency band necessary for 

55 branching, the length of the two-branch strip line 
can be reduced to about half the normal length. 
This can also provide a further size reduction in the 
branching filter. 

3 
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Different elements such as a stub, an am- 
plifying circuit, an interstage filter, etc. can be 
provided on the outermost layer. This also provides 
a further size reduction in the branching filter. Fur- 
thermore, circuit elements such as an amplifying 
circuit, etc. can be provided on a layer identical to 
a dielectric layer on which a two-branch strip line is 
disposed. Since noise inputted to the circuits can 
be reduced in this case, a circuit system capable 
of reducing a noise factor can be constructed. 

Since the surface area of the multilayer dielec- 
tric employed in the present invention is sufficient 
so far as such a surface area that the two-branch 
strip line can be formed, is allowed, a large surface 
area is not particularly required. Thus, even if a 
high-frequency substrate (which is excellent in 
transmission characteristics within a high-frequency 
band, for example), which is higher in price than a 
general-purpose substrate, for example, is used, a 
branching filter reduced in transmission loss can be 
realized without an abrupt increase in cost. 

Other and further objects and features of the 
invention will appear fully from the following de- 
scription. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1(a)-1(c) are views showing the structure 
of an embodiment according to the present inven- 
tion. 

Figs. 2(a)-2(d) are views illustrating the struc- 
ture of another embodiment according to the 
present invention. 

Figs. 3(a)-3(c) are views depicting the structure 
of a further embodiment according to the present 
invention. 

Figs. 4(a)-4(c) are views showing the structure 
of a still further embodiment according to the 
present invention. 

Figs. 5(a) and 5(b) are views illustrating the 
structure of a still further embodiment according to 
the present invention. 

Figs. 6(a) and 6(b) are views showing the struc- 
ture of a still further embodiment according to the 
present invention. 

Fig. 7 is a block diagram circuit arrangement of 
a high-frequency section of a mobile radio appara- 
tus. 

Fig. 8 is a block diagram circuit arrangement of 
another high-frequency section of a mobile radio 
apparatus. 

Fig. 9 is a block diagram circuit arrangement of 
a further high-frequency section of a mobile radio 
apparatus. 

Figs. 10(a) and 10(b) are views illustrating a 
still further embodiment according to the present 
invention. 



Fig. 1 1 is a view illustrating a closed structure 
of a strip line. 

DESCRIPTION OF THE PREFERRED EMBODI- 
5 MENTS 

Preferred embodiments of the present inven- 
tion will hereinafter be described with reference to 
the accompanying drawings, wherein like reference 
io numerals are utilized to designate like parts 
throughout the views and Fig. 1(a) is a top view 
showing the structure of an embodiment of the 
present invention. Fig. 1(b) is a pattern view illus- 
trating the structure of a two-branch strip line which 
15 is employed in the present embodiment and pro- 
vided at the midpoint position (corresponding to the 
position where two dielectric layers are joined to 
each other, which will hereinafter be referred to as 
the "midpoint portion" of a multilayer dielectric 1 
20 (i.e., a view illustrating the manner in which a two- 
branch strip line is provided on a dielectric layer 
14). Fig. 1(c) is an enlarged view of a partial 
section (which corresponds to a cross section tak- 
en along an imaginary cutting plane line parallel to 
25 a line which crosses over transmitting and receiv- 
ing filters 33 and 43. respectively, shown in Fig. 1- 
(a)) for describing the structure of the multilayer 
dielectric 1 employed in the present embodiment. 
The present embodiment represents a branch- 
30 ing filter indicated by broken line block A in Fig. 7 
which is a block diagram circuit arrangement of a 
high-frequency section of a normal radio apparatus 
(such as a mobile radio apparatus in particular). A 
signal received by an antenna 150 in the radio 
35 apparatus shown in Fig. 7 is first subjected to a 
filtering process (for reducing or attenuating the 
level of a signal having a frequency which lies 
outside a necessary frequency band) by the receiv- 
ing filter 43. The received signal is next amplified 
40 at a predetermined amplification factor by a low- 
noise amplifier 71 comprised of electronic devices 
such as an HEMT, an FET, etc. Thereafter, the so- 
amplified signal is supplied to a mixer 73 through 
an interstage filter 72 for effecting a further filtering 
45 process. On the other hand, an oscillating output 
(corresponding to a frequency of an intermediate 
frequency signal to be described later, which is 
equivalent to a difference between a frequency of 
the oscillating output signal and a frequency of the 
so received signal) generated from a local oscillator 
74 is inputted to a mixer. The mixer is activated so 
as to convert the received signal into the so-called 
intermediate frequency signal, after which the con- 
verted signal is inputted to an unillustrated receiver 
55 circuit so as to obtain predetermined received in- 
formation. A matching circuit 70 as shown in 
broken line may be provided at the output of the 
receiving filter 43. 
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When a signal is transmitted from a transmit- 
ting circuit, the transmitted signal is amplified by a 
power amplifier comprised of FETs or passive cir- 
cuit elements for activating the FETs and the like. 
Thereafter, the amplified signal is inputted to an 
isolator 77 through a coupler 76. Further, the signal 
is subjected to a filtering process by the receiving 
filter 33 without generating a reflected wave travel- 
ing toward a transmitter source. Thereafter, the so- 
processed signal is transmitted to other receiver 
apparatus through the antenna 150. Thus, the 
present system provides a radio apparatus wherein 
a desired signal is transmitted therefrom and re- 
ceived therein under a structure in which the an- 
tenna is common to transmission and reception, 
the filters are provided so as to correspond to the 
transmitting signal and the receiving signal. The 
coupler 76 has a microstrip line and passive circuit 
elements. Further, the coupler is used for detecting 
the level of the transmitting signal but does not 
necessarily represent an essential component. The 
isolator serves as a high-frequency device com- 
prised of ferrite, for example. The isolator has a 
function for transmitting a signal in one direction so 
as to avoid the reflection of the signal but is not 
always an essential component. 

The multilayer dielectric 1 employed in the 
present embodiment is shown in Fig. 1(c) and is 
constructed such that the dielectric layer 14 is 
fabricated on a conductor substrate 15 and a di- 
electric layer 12 is formed on the dielectric layer 
14. At this time, patterns such as a two-branch strip 
line 20, etc. are provided on the dielectric layer 14 
as shown in Fig. 1(b). A portion on which the 
patterns such as the two-branch strip line 20, etc. 
are provided, will be referred to as a conductor 
layer 13 for convenience of illustration and descrip- 
tion. Devices such as a transmitting filter 33, a 
receiving filter 43, etc. are fabricated on the dielec- 
tric layer 12 as shown in Fig. 1(a). A portion on 
which the devices such as the transmitting filter 33, 
the receiving filter 43, etc. are provided, will be 
referred to as a conductor layer 1 1 for convenience 
of illustration and description. An organic material 
such as a glass-cloth base epoxy resin or the like 
is used as the dielectric layer and copper may 
preferably be used as a material of a conductor to 
be used. 

The two-branch strip line 20 is patterned onto 
the conductor layer 13 provided so as to cor- 
respond to the intermediate position of the mul- 
tilayer dielectric layer 1 as shown in Fig. 1(b). 
Fabrication of such a pattern utilizes known tech- 
niques such as etching or the like and description 
of a method of producing the various patterns 
which are employed in the present specification will 
therefore be omitted. 
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The two-branch strip line 20, as shown in Fig. 
1(b), has a conductive external terminal 21 and two 
strip lines 22 and 23. Ends 24 and 25 of the strip 
lines 22 and 23 formed therein are provided so as 

5 to extend through the dielectric layer 12 of the 
multilayer dielectric 1. The ends 24 and 25 are 
respectively electrically connected to lines 31 and 
32 patterned onto the conductor layer 11 by 
through holes. A ground or earth electrode pattern 

10 26 is provided on the conductor layer 13. The earth 
electrode pattern 26 is electrically connected to 
earth electrodes of the conductor layer 1 1 and the 
conductor substrate 15 through the through holes. 
As has been described previously, all the semicir- 

15 cular grooves corresponding to X portions shown in 
Fig. 1(b) represent the through holes in the draw- 
ing. 

As shown in Fig. 1(a), the line 31 provided on 
the dielectric layer 12 is electrically connected to 

20 an output terminal 34 of a transmitting filter 33, 
whereas the line 32 is electrically connected to an 
input terminal 44 of a receiving filter 43. Further, an 
input terminal 33 of the transmitting filter 35 is 
electrically connected to a conductive external ter- 

25 minal 38, whereas an output terminal 45 of the 
receiving filter 43 is electrically connected to a 
conductive external terminal 48. The remaining ter- 
minals 36, 37, 46 and 47 of the transmitting and 
receiving filters 33 and 43 are earth or ground 

30 terminals and are respectively electrically connect- 
ed to ground electrodes 51, 52, 53 and 54 provided 
on the dielectric layer 12. The ground electrodes 
51 , 52, 53 and 54 are respectively electrically con- 
nected to the ground electrodes of the conductor 

35 layer 13 and the conductor substrate 15 by way of 
the through holes. Thus, a closed structure can be 
ensured. 

The dielectric layers 12 and 14 of the mul- 
tilayer dielectric 1 can be fabricated by using a so- 

40 called copper-clad laminated plate or a prepreg 
obtained by impregnating a glass fiber with an 
organic material such as an epoxy resin or the like 
and bonding the impregnated glass fiber and a thin 
copper plate to each other in accordance with a 

45 step similar to a step of fabricating a normal print- 
ed circuit board. Organic materials having excellent 
high-frequency characteristics have been devel- 
oped in recent years. If these are used, then a 
branching filter can be fabricated which is capable 

so of providing less propagation losses even in the 
case of a high-frequency domain. Further, the mul- 
tilayer dielectric 1 can be fabricated in the same 
manner as described above even when a non- 
organic material such as glass ceramic or the like 

55 to which low-temperature sintering can be made, is 
used. 

As the transmitting filter 33 and the receiving 
filter 43 employed in the present embodiment, 
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elastic surface-wave filters disclosed in Japanese 
Patent Application Laid-Open Publication No. 5- 
7125 and Japanese Patent Application Publication 
No. 4-211201, for example, may preferably be 
used, each of which has a plurality of surface-wave 
resonators provided on a piezoelectric substrate 
and spiral coils formed on a substrate different 
from the piezoelectric substrate in the form of 
conductor patterns and each of which is construct- 
ed such that the surface-wave resonators are con- 
nected to the spiral coils with harnesses. So long 
as a filter having a function of filtering a transmit- 
ting signal and a received signal is used, i.e., a 
filter actually mountable on the dielectric layer 12 
is used, any type of filter may be used. For exam- 
ple, an IDT type resonator on which cord-like elec- 
trodes are arranged and formed, may be used. The 
piezoelectric substrate or the substrate having the 
spiral coils formed thereon may be provided on the 
dielectric layer 12 so as to form an elastic surface- 
wave filter. It is apparent that a package including 
packaged elastic surface-wave filter elements 
therein may be provided on a desired position of 
the dielectric layer 12. 

The operation of the embodiment of Figs. 1(a)- 
1(c) which serve as the branching filter, will now be 
described. For example, a signal transmitted from a 
transmitter circuit is inputted to the transmitting 
filter 33 through the external terminal 38 and the 
input terminal 35 of the transmitting filter 33, which 
is electrically connected to the external terminal 38. 
When the transmitted signal is inputted to the 
transmitting filter 33, the transmitting filter 33 ef- 
fects a filtering process on the transmitted signal 
using its filter characteristics and outputs the so- 
processed signal to the output terminal 34 of the 
transmitting filter 33. The output signal passes 
through the line 31 and the strip line 22 so as to be 
sent to the outer terminal 21. An antenna (not 
shown) is normally connected to the external termi- 
nal 21 and transmits or radiates the transmitting 
signal into space. It is necessary to match im- 
pedances of respective components to each other 
in order to reduce a transmission loss of the trans- 
mitting signal. Therefore, when the matching im- 
pedance of the antenna is taken as 500, for exam- 
ple, the impedance of the strip line 22, the imped- 
ance of the line 31 and the output impedance of 
the transmitting filter 33 are all set to a value 
approximate to 500 within a frequency band of the 
transmitting signal. 

Since the strip line 23 provided on the receiv- 
ing side is electrically connected to the external 
terminal 21, it is necessary to sufficiently increase 
the impedance of the strip line 23 within the fre- 
quency band of the transmitting signal when the 
strip line 23 is seen from the external terminal 21 
and to reverse the phase of a reflected wave. 



Therefore, the phase of an input impedance of the 
receiving filter 43 may be taken into consideration. 
Further, the lengths of the receiving strip lines 23 
and 32 may be set so that the reflected wave is 
5 reversed in phase when the receiving strip line 23 
is seen from the external terminal 21. 

A signal to be received, which is transmitted 
from an outer communication apparatus or the like, 
is inputted to the external terminal 21 through the 
w unillustrated antenna. Thereafter, the signal is 
transmitted along the end 25 of the strip line 23 
and the line 32 so as to be input to the input 
terminal 44 of the receiving filter 43. The signal, 
which has been subjected to a filtering process of 
is the receiving filter 43, is outputted from the output 
terminal 45 of the receiving filter 43 so as to be 
transmitted to the external terminal 48. The low- 
noise amplifying circuit 71 shown in Fig. 7, for 
example, is electrically connected to the external 
20 terminal 48. 

Incidentally, the antenna (not shown) is elec- 
trically connected to the external terminal 21 as 
described above. However, various types of anten- 
nas such as a rod type antenna, a microstrip type 
25 antenna, etc. are considered as antennas. In this 
case, antennas of any type may be used if they 
have functions for transmitting and receiving an 
electromagnetic wave. 

It is necessary to make the impedance match- 
so ing between the respective components in order to 
reduce the transmission loss of the received signal. 
Therefore, when the matching impedance of the 
antenna is taken as 500, for example, the imped- 
ance of the strip line 23, the impedance of the line 
35 32 and the input impedance of the receiving filter 
43 are all set to a value approximate to 500 within 
a frequency band of the received signal. 

Since the strip line 22 provided on the trans- 
mitting side is also electrically connected to the 
40 external terminal 21, it is necessary to sufficiently 
increase the impedance of the strip line 22 within 
the frequency band of the received signal when the 
strip line 22 is seen from the external terminal 21 
and to reverse the phase of a reflected wave. 
45 Therefore, the phase of an output impedance of the 
transmitting filter 33 may be taken into consider- 
ation. Further, the lengths of the strip lines 22 and 
31 may be set so that the reflected wave is re- 
versed in phase when the strip line 22 on the 
so transmitting side is seen from the external terminal 
21. 

According to the present embodiment as de- 
scribed above, since the two-branch strip line 20 
comprised of the external terminal 21 and the two 
55 strip lines 22 and 23, and the receiving filter 43 and 
the transmitting filter 33 can be provided in a 
stacked state with the dielectric layer interposed 
therebetween, necessary elements can be dispos- 
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ed within a narrow space, thereby making it possi- 
ble to realize a branching filter which is extremely 
small in size. Further, since the two-branch strip 
line 20 is interposed between the ground electrode 
formed on the dielectric layer 1 2 and the conductor 
substrate 15 (having a function of the ground elec- 
trode), it is easy to ensure a closed structure 
having a stable line impedance. Further, the two- 
branch strip line 20 is formed so as to have a 
structure which is substantially insusceptible to the 
influence of external noise. It is thus possible to 
realize a branching filter whose insertion loss is low 
and which is increased in performance and is ex- 
tremely small in size. 

Another embodiment according to the present 
invention is illustrated in Figs. 2(a)-2(d) and shows 
a structure in which, for example, a receiving filter 
and a transmitting filter are packaged within the 
same package. 

It is noted that Figs. 1(a)-1(c) show a structure 
wherein the receiving filter and the transmitting 
filter are provided in a separate manner. 

Fig. 2(a) is a view schematically showing the 
inside of a transmitting and receiving filter 100 
employed in the present embodiment. Fig. 2(b) is a 
top view showing the structure according to the 
second embodiment of the present invention as 
seen from above. Fig. 2(c) is a pattern view of a 
two-branch strip line provided at an intermediate or 
midportion portion of a multilayer dielectric 1 em- 
ployed in the present embodiment. Fig. 2(d) is an 
enlarged view of a partial section (i.e., a cross 
section taken along a single imaginary cutting 
plane line which crosses over the longitudinal di- 
rection of the transmitting and receiving filter 
shown in Fig. 2(b)) for describing the structure of 
the multilayer dielectric 1 employed in the present 
embodiment. 

As the transmitting and receiving filter 100 
shown in Fig. 2(a), which is employed in the 
present embodiment, there may be used a filter 
disclosed in Japanese Patent Application Publica- 
tion No. 5-7125 or Japanese Patent Application 
Publication No. 4-211201, for example. Namely, as 
described above, a surface filer is used which has 
the plurality of surface-wave resonators provided 
on the piezoelectric substrate and the spiral coils 
formed on the substrate different from the piezo- 
electric substrate in the form of the conductor 
patterns and which is constructed such that the 
surface-wave resonators are connected to the spiral 
coils. It is apparent that the filter which is to be 
used is not necessarily limited to the above struc- 
ture. That is, a normal filter may be used which is 
constructed such that necessary electrode patterns 
including various cord-like electrodes are provided 
on a piezoelectric substrate such as ceramic or the 
like. 
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Fig. 2(a) is a schematic view typically showing 
the inside of the transmitting and receiving filter 
100 with detailed structures of a bonding wire and 
the like being omitted. The transmitting and receiv- 

5 ing filter 100 has a transmitting SAW (elastic sur- 
face wave) resonator substrate 191, a coil substrate 
192 and a receiving SAW resonator substrate 193 
all provided thereinside. Each of these substrates is 
made up of a piezoelectric material such as ce- 

io ramie or the like. Further, desired electrode pat- 
terns are formed on these substrates. It is unnec- 
essary to form the coil substrate 192 with the 
piezoelectric material. An electrode pattern is spi- 
rally formed on the coil substrate 192. Necessary 

75 patterns including electrode patterns for forming 
resonators are provided on the transmitting SAW 
resonator substrate 191 and the receiving SAW 
resonator substrate 193. The filter is actually con- 
structed by wire-connection between respective 

20 SAW resonators on the SAW resonator substrates 
and respective coils on the coil substrate 192 by 
wire bonding. However, the transmitting and receiv- 
ing filter 100 is shown in a state in which the 
details of such wiring and the like have been omit- 

25 ted. Incidentally, only the electrode patterns of the 
coils have been typically illustrated in the drawing. 
Since detailed structures of such electrode patterns 
are known, the detailed description is omitted. As 
an alternative to the structure in which the package 

30 having the receiving filter and the transmitting filter 
packaged therein is provided on the dielectric layer 
12, a structure in which the receiving filter and the 
transmitting filter are directly provided on the di- 
electric layer 12 may also be considered. 

35 The multilayer dielectric 1 employed in the 

present embodiment is shown in Fig. 2(d) and is 
constructed such that a dielectric layer 14 is fab- 
ricated on a conductor substrate 15 and a dielectric : 
layer 12 is formed on the dielectric layer 14. At this 

40 time, patterns such as a two-branch strip line 20, 
etc. shown in Fig. 1(c) are provided on the dielec- 
tric layer 14. A portion on which the patterns such 
as the two-branch strip line 20, etc. are provided, 
will be referred to as a conductor layer 13 for. 

45 convenience of illustration and description. Devices 
such as the transmitting and receiving filter 100, 
etc. are fabricated on the dielectric layer 12 as 
shown in Fig. 2(a). A portion on which the devices 
such as the transmitting and receiving filter, etc. 

50 are provided, will be referred to as a conductor 
layer 1 1 for convenience of illustration and descrip- 
tion. A glass organic material such as a glass-cloth 
base epoxy resin or the like is used as the dielec- 
tric layer and copper is considered as a material of 

55 a conductor to be used. 

The two-branch strip line 20 is patterned onto 
the conductor layer 13 which exists in the inter- 
mediate or midpoint position of the multilayer di- 
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electric layer 1 as shown In Fig. 2(c). Namely, the 
patterns such as the two-branch strip line 20, etc. 
shown in Fig. 2(c) are provided on the dielectric 
layer 14. The two-branch strip line 20 has a con- 
ductive external terminal 21 and two strip lines 22 
and 23. Ends 24 and 25 of the strip lines 22 and 23 
are electrically connected to patterns 31 and 32 of 
the conductor layer 11 by way of through holes 
provided so as to extend through the dielectric 
layer 12 of the multilayer dielectric 1. 

As shown in Fig. 2(b), a pattern 31 of the 
conductor layer 1 1 of the multilayer dielectric 1 is 
electrically connected to a transmitting signal out- 
put terminal 101 (Fig. 2(a)) attached to the trans- 
mitting and receiving filter 100, whereas a pattern 
32 thereof is electrically connected to a receiving 
signal input terminal 102 (Fig. 2(a)) attached to the 
transmitting and receiving filter 100. A transmitting 
signal input terminal 103 (Fig. 2(a)) of the transmit- 
ting and receiving filter 100 is electrically con- 
nected to a conductive external terminal 38, where- 
as a received-signal output terminal 104 (Fig. 2(a)) 
is electrically connected to a conductive external 
terminal 48. The remaining terminals of the trans- 
mitting and receiving filter 100 are of earth or 
ground terminals and are respectively electrically 
connected to ground electrodes 51 , 52, 53 and 54 
provided on the conductor layer 11. Further, the 
ground electrodes 51, 52, 53 and 54 are respec- 
tively electrically connected to ground electrodes 
formed in the conductor layer 13 and the conduc- 
tive layer 15 by way of through holes defined in the 
transmitting and receiving filter 100. A so-called 
closed structure is ensured by these ground elec- 
trodes. 

The operation of the embodiment of Figs. 2(a)- 
2(d) which serves as a branching filter will now be 
described. For example, a signal transmitted from a 
transmitter circuit is inputted to the transmitting and 
receiving filter 100 through the external terminal 38 
and the transmitting signal input terminal 103 of the 
transmitting and receiving filter 100 connected to 
the external terminal 38. When the transmitted sig- 
nal is inputted to the transmitting and receiving 
filter 100, the transmitting and receiving filter 100 
effects a filtering process on the transmitted signal 
based on its filter characteristics and outputs the 
so-processed signal to the transmitting signal out- 
put terminal 101 of the transmitting and receiving 
filter 100. The output signal passes through the 
pattern 31 and the strip line 22 so as to be sent to 
the outer terminal 21. An antenna (not shown) is 
normally connected to the external terminal 21 and 
the transmitting signal is radiated into the space 
through the antenna. 

Further, a signal to be received, which is trans- 
mitted from an outer communication apparatus or 
the like, is inputted to the external terminal 21 
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through the unillustrated antenna. Thereafter, the 
signal passes through the end 25 of the strip line 
23 and the pattern 32 so as to be input to the 
receiving signal input terminal 102 of the transmit- 
5 ting and receiving filter 100. The signal, which has 
been subjected to the filtering process of the trans- 
mitting and receiving filter 100, is outputted from 
the received-signal output terminal 104 of the 
transmitting and receiving filter 100 so as to be 
w transmitted to the external terminal 48. 

According to the present embodiment as has 
been described above, since the multilayer dielec- 
tric 1 having a size substantially identical to that of 
the package for the transmitting and receiving filter 
75 100 can be used, the branching filter itself can be 
reduced in size. The package for the transmitting 
and receiving filter to be used is used as a single 
unit and hence the branching filter reduced in cost 
can be structurally realized. 
20 A third embodiment according to the present 

invention is illustrated in Figs. 3(a)-3(c), wherein 
Fig. 3(a) is a top view showing the state of a 
structure of the third embodiment as seen from the 
upper side. Fig. 3(b) is a pattern view showing a 
25 two-branch strip line (which is provided on a dielec- 
tric layer 14) provided at an intermediate or mid- 
portion portion of a multilayer dielectric 1 em- 
ployed in the present embodiment and an open 
stub. Fig. 3(c) is an enlarged view of a partial 
30 section (which corresponds to a cross section tak- 
en along a single imaginary cutting plane line 
which crosses over transmitting and receiving fil- 
ters shown in Fig. 3(a)) for describing the structure 
of the multilayer dielectric 1 employed in the 
35 present embodiment. 

The present embodiment is substantially iden- 
tical in structure to the first embodiment shown in 
Figs. 1(a)-1(c). As shown in Fig. 3(b), a two-branch 
strip line 20 and an open stub 27 are patterned 
40 onto a conductor layer 13 (i.e., a dielectric layer 
14) which exists in the intermediate position of the 
multilayer dielectric 1. The open stub 27 is dis- 
posed in the neighborhood of an end 24 of a strip 
line 22 although the open stub 27 is not necessar- 
45 ily provided in the neighborhood of the end 24. 
Further, the open stub 27 is electrically connected 
to the end 24. 

According to the present embodiment, since an 
attenuation electrode can be formed by the open 
so stub 27, the structure of a transmitting filter 33 can 
be simplified. Since the open stub 27 can be 
disposed within the remaining empty space on the 
dielectric layer 14 other than a space in which the 
two-branch strip line 20 has been disposed, a 
55 branching filter can be constructed so as to have 
the open stub 27 without increasing its size. By 
setting the line width and length of the open stub 
27 to suitable values, the impedance of the strip 
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line 22 can be set to a desired value. Therefore, a 
further reduction in the impedance mismatch can 
be effected. The manner of transmitting the signals 
to be transmitted and received in the branching 
filter is identical to that shown in Figs. 1(a)-1(c) and 
the description of common portions are therefore 
omitted. 

A fourth embodiment according to the present 
invention will now be described with reference to 
Figs. 4(a)-4(c) and the circuit configuration is repre- 
sented by the broken line block B shown in Fig. 7, 
of a high-frequency section of the normal mobile 
radio apparatus, and which is realized as a branch- 
ing filter module. 

Fig. 4(a) is a top view showing the state of a 
structure of the present embodiment as seen from 
above. Fig. 4(b) is a pattern view of a two-branch 
strip line and an open stub both provided at an 
intermediate portion of a multilayer dielectric 2 
employed in the present embodiment (i.e., Fig. 4(b) 
shows the manner of provision of the two-branch 
strip line on a dielectric layer 14). Fig. 4(c) is an 
enlarged view of a partial section (which corre- 
sponds to a cross section taken along a single 
imaginary cutting plane line which crosses over 
transmitting and receiving filters shown in Fig. 4(a)) 
for describing the structure of the multilayer dielec- 
tric 2 employed in the present embodiment. 

The present embodiment is substantially iden- 
tical in structure to the third embodiment shown in 
Figs. 3(a)-3(c) with the multilayer dielectric 2 shown 
in Fig. 4(c) being used in the present embodiment. 
The multilayer dielectric 2 is constructed such that 
a dielectric layer 14 is fabricated on a conductor 
substrate 15 and a dielectric layer 12 is formed on 
the dielectric layer 14. At this time, patterns such 
as a two-branch strip line 20, etc. shown in Fig. 4- 
(b) are provided on the dielectric layer 14. A por- 
tion on which the patterns such as the two-branch 
strip line 20, etc. are provided, will be referred to 
as a conductor layer 13 for convenience of illustra- 
tion and description. A conductor layer 17 (i.e., a 
flat conductor plate with no circuit elements or the 
like provided thereon in particular) is provided on 
the dielectric layer 12 and a dielectric layer 16 is 
stacked on the conductor layer 17. Devices such 
as a transmitting filter, a receiving filter, etc. shown 
in Fig. 4(a) are fabricated on the dielectric layer 16. 
A portion on which the devices such as the trans- 
mitting and receiving filters, etc. are provided, will 
be referred to as a conductor layer 11 for conve- 
nience of illustration and description. An organic 
material such as a glass-cloth base epoxy resin or 
the like is used as the dielectric layer and copper 
is considered as a material of a conductor to be 
used. The conductor layer 17 is comprised of the 
flat conductor plate provided just in layer form and 
is not provided with various elements in particular. 
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As shown in Fig. 4(c), the two-branch strip line 
20 and the open stub 27 are patterned onto the 
conductor layer 13 which exists in the intermediate 
position of the multilayer dielectric 2 as shown in 

5 Fig. 4(b). Namely, the two-branch strip line 20 and 
the open stub 27 are provided on the dielectric 
layer 14. The two-branch strip line 20 is con- 
structed so as to have an external terminal 21 and 
two strip lines 22 and 23. Ends 24 and 25 of the 

w strip lines 22 and 23 are respectively electrically 
connected to lines 31 and 32 patterned onto the 
conductor layer 1 1 by way of through holes defined 
so as to extend through the dielectric layer 12 and 
the dielectric layer 16. 

75 As shown in Fig. 4(b), an earth or ground 

electrode pattern 26 is formed on the dielectric 
layer 14. The earth electrode pattern 26 is elec- 
trically connected to earth or ground electrodes 
provided for the conductor layer 1 1 , the conductor 

20 substrate 15 and the conductor layer 17 by way of 
through holes. 

As shown in Fig. 4(a), the line 31 patterned on 
the conductor layer 1 1 is electrically connected to 
an output terminal 34 of a transmitting filter 33, 

25 whereas the line 32 is electrically connected to an 
input terminal 44 of a receiving filter 43. An input 
terminal 35 of the transmitting filter 33 is elec- 
trically connected to a conductive external terminal 
38. On the other hand, the receiving filter 43 and 

30 the low-noise amplifier 71 are electrically connect- 
ed to each other through a line 45 so that a signal 
outputted from the receiving filter 43 is supplied to 
the low-noise amplifier 60 as an input signal. Fur- 
ther, the low-noise amplifier 71 and the receiving 

35 interstage filter 72 are electrically connected to 
each other through a line 79 so that a signal 
outputted from the low-noise amplifier 71 is sup- 
plied to the receiving interstage filter 72 as an input 
signal. An output terminal of the receiving inter- 

40 stage filter 72 is electrically connected to an exter- 
nal terminal 48. 

External terminals 93 an 94 serve as power 
terminals of the low-noise amplifier 71 . The remain- 
ing lines electrically connected to the transmitting 

45 filter 33, the interstage filter 72, the low-noise am- 
plifier 71 and the receiving filter 43 are used as 
earth or ground lines, which are respectively elec- 
trically connected to ground or earth electrodes 51 , 
52, 53, 54 and 55 of the conductor layer 11. 

50 Further, the earth electrodes 51, 52, 53, 54 and 55 
are electrically connected to ground or earth elec- 
trodes of the conductor layer 13, the conductor 
substrate 15 and the conductor layer 17 (the latter 
two of which are conductor plates corresponding to 

55 earth electrodes) by way of through holes. Further, 
a closed structure of the two-branch strip line 20 is 
ensured by the conductor substrate 1 5, the dielec- 
tric layers 14 and 12 and the conductor layer 17. 
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The operation of the fourth embodiment shown 
in Figs. 4(a)-4(c), which serves as a branching 
filter, will now be described. For example, a signal 
transmitted from a transmitter circuit is inputted to 
the transmitting filter 33 through the external termi- 5 
nal 38 and the input terminal 35 of the transmitting 
filter 33 connected to the external terminal 38. 
When the transmitted signal is inputted to the 
transmitting filter 33, the transmitting filter 33 ef- 
fects a filtering process on the transmitted signal w 
based on its filter characteristics and outputs the 
so-processed signal to the output terminal 34 of the 
transmitting filter 33. The output signal passes 
through the line 31 and the strip line 22 so as to be 
sent to the outer terminal 21. An antenna (not is 
shown) is normally connected to the external termi- 
nal 21 and the transmitting signal is radiated into 
the space through the antenna. 

Further, a signal to be received, which is trans- 
mitted from an outer communication apparatus or 20 
the like, is inputted to the external terminal 21 
through the unillustrated antenna or the like. There- 
after, the signal passes through the end 25 of the 
strip line 23 and the line 32 so as to be inputted to 
the input terminal 44 of the receiving filter 43. The 25 
received signal, which has been subjected to a 
filtering process of the receiving filter 43, is input- 
ted to and amplified by the low-noise amplifier 71. 
Further, the amplified signal is inputted to the re- 
ceiving interstage filter 72 so as to be sent to the 30 
external terminal 48. 

According to the present embodiment as de- 
scribed above, since the two-branch strip line 20 
comprised of the external terminal 21 and the two 
strip lines 22 and 23 is constructed so as to be 35 
interposed between the conductor layer 17 and the 
conductor substrate 15 (both of which serve as 
earth electrodes), the two-branch strip line 20 can 
ensure a stable line impedance and is hard to be 
susceptible to external noise. Thus, desired wiring 40 
patterns can be patterned on the dielectric layer 16 
and the low-noise amplifier 71 and the interstage 
filter 72 or the like can be easily disposed. It is 
therefore possible to realize a branching filter mod- 
ule which is extremely small in size. It is apparent 45 
that the elements to be disposed are not necessar- 
ily limited to the low-noise amplifier 71 and the 
interstage filter 72. 

A fifth embodiment according to the present 
invention will now be described with reference to 50 
Figs. 5(a) and 5(b). In a manner similar to the 
fourth embodiment of Figs. 4(a)-4(c), the present 
embodiment shows the case where the broken line 
block B in the block diagram circuit arrangement of 
the high-frequency section of the mobile radio ap- 55 
paratus shown in Fig. 7, is realized as a branching 
filter module. In the present embodiment, transmit- 
ting and receiving filters used for a branching filter 



are stored within a single package, for example and 
circuit elements such as a low-noise amplifier 110, 
an interstage filter 1 1 1 and the like are disposed. 

Fig. 5(a) is a top view showing the state of a 
structure of the present embodiment as seen from 
above. Fig. 5(b) is a partially sectional enlarged 
view for describing the structure of a multilayer 
dielectric 1 employed in the present embodiment. 
The present embodiment makes use of the mul- 
tilayer dielectric 1 having a laminated structure 
substantially identical to that of the second embodi- 
ment shown in Figs. 2(a)-2(d). Namely, the mul- 
tilayer dielectric 1 is constructed such that a dielec- 
tric layer 14 is fabricated on a conductor substrate 
15 and a dielectric layer 12 is formed on the 
dielectric layer 14. At this time, the patterns such 
as the two-branch strip line 20, etc. shown in Fig. 
1(c) are provided on the dielectric layer 14. A 
portion on which the patterns such as the two- 
branch strip line 20, etc. are provided, will be 
referred to as a conductor layer 13 for convenience 
of illustration and description. Devices such as a 
transmitting and receiving filter 100, etc. are fab- 
ricated on the dielectric layer 12 as shown in Fig. 
5(a). A portion on which the devices such as the 
transmitting and receiving filter, etc. are provided, 
will be referred to as a conductor layer 11. An 
organic material such as a glass-cloth base epoxy 
resin or the like is used as the dielectric layer and 
copper is considered as a material of a conductor 
to be used. 

The manner of disposing the two-branch strip 
line on the dielectric layer 14, which is employed in 
the present embodiment is different from that em- 
ployed in each of the aforementioned embodi- 
ments. Thus, the present embodiment can bring 
about a novel advantageous effect. The manner of 
disposing the two-branch strip line on the dielectric 
layer 14, which is employed in the present embodi- 
ment, is similarly used even in the case of later 
described embodiments. 

As shown in Fig. 5(a), a cutting plane line is 
taken as AA\ In the drawing, a portion as seen in 
an upper direction from the cutting plane line AA' 
and a portion as seen in a lower direction from the 
cutting plane line AA' will be called a and b sides 
respectively for convenience of illustration and de- 
scription. As is seen from Fig. 5(a), a transmitting 
and receiving filter 100 is disposed on the a side 
whereas, a low-noise amplifier 110, an interstage 
filter 111, a surface-mounting type resistor R, a 
capacitor C, a coil T, etc. are provided on the b 
side. 

The two-branch strip line is provided on the 
dielectric layer 14. However, the two-branch strip 
line is constructed so as to be disposed on the a 
side as shown in Fig. 5(a) when the branching filter . 
module is seen from above. Thus, surface areas of 
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the conductor substrate 15 and the dielectric layer 
14 increase as compared with the aforementioned 
embodiments. Now, conductor parts provided on 
the conductor substrate 15 and the dielectric layer 
12 are disposed so as to ensure a closed structure 
of the two-branch strip line. Since the two-branch 
strip line is provided in this manner, necessary 
circuits and the like can be disposed on the b side 
without taking into consideration the ensuring of the 
closed structure. It is thus possible to increase the 
degree of freedom of laying out the necessary 
circuits and the like. 

Although wiring patterns for electrically con- 
necting the low-noise amplifier 110, the interstage 
filter 111, the surface-mounting type resistor R, the 
capacitor C, the coil T, etc. to one another and 
wiring patterns for connecting between circuit ele- 
ments are not shown in the drawing, a circuit 
system which is substantially insusceptible to ex- 
ternal noise can be constructed by providing the 
dielectric layers 11 and 12 of the multilayer dielec- 
tric 1 and through holes. Thus, this type of circuit 
system is advantageous even to a reduction in 
size. 

Further, a noise factor and other circuit perfor- 
mance (e.g., a reduction in transmission loss at a 
high-frequency band) can be improved by using a 
high-frequency low-loss substrate as the multilayer 
dielectric 1. Since, however, the area of the mul- 
tilayer dielectric 1 is narrower than that of a con- 
ventional one even when such an expensive high- 
frequency low-loss substrate is used, the use of the 
high-frequency low-loss substrate can provide ex- 
cellent economy. 

The present embodiment shows the case 
where a plurality of surface-mounting type coils T 
are provided. However, these coils T can be re- 
placed by spiral flat coils, for example. In this case, 
a further reduction in noise produced in the circuit 
system and size thereof can be realized by dis- 
posing the spiral flat coils in an internal layer of a 
multilayer dielectric substrate 1, for example, i.e., 
on the remaining space (corresponding to the b 
side of Fig. 5(a) as seen from above) which exists 
on the dielectric layer 14 and in which the two- 
branch strip line is disposed. 

A sixth embodiment will now be described with 
reference to Figs. 6(a) and 6(b) and Fig. 8. Fig. 8 is 
a block diagram circuit arrangement of a high- 
frequency section of a mobile radio apparatus pro- 
vided with a diversity receiving antenna and a 
band-pass filter. The present embodiment shows 
the case the broken line block C in Fig. 8 is used 
as a branching filter module. In the present em- 
bodiment, however, transmitting and receiving fil- 
ters for a branching filter are accommodated within 
a single package, for example and circuits such as 
a low-noise amplifier, etc. are separately disposed. 



The mobile radio apparatus shown in Fig. 8 
provides diversity of a system wherein a plurality of 
receiving antennas are situated in spatially sepa- 
rated positions and an antenna capable of provid- 

5 ing a high received-signal level is selectively used 
as a receiving antenna. In Fig. 8, a reception-only 
antenna 200 and a transmitting and receiving an- 
tenna 150 are used. Referring to Fig. 8, a signal 
received by the antenna 150 is subjected to a 

io filtering process in the receiving filter 43\ That is, 
the level of a signal, which lies outside of a neces- 
sary frequency band, is reduced or attenuated by 
the receiving filter and the attenuated signal level is 
inputted to a selector or switcher 113 for selecting 

16 a desired antenna. On the other hand, a signal 
received by the antenna 200 is also subjected to a 
filtering process in a band-pass filter 112. Namely, 
the level of a signal, which lies outside of a neces- 
sary frequency band, is attenuated by the band- 

20 pass filter 112 and the attenuated signal level is 
inputted to the switcher 113. Thereafter, an unil- 
lustrated receiver circuit generates a control signal 
for selecting an antenna capable of providing a 
high received-signal level. The switcher selects ei- 

25 ther one of the antennas in response to the control 
signal. The signal received by the selected antenna 
is subsequently used. Such a selection may be 
performed for each predetermined time. 

The received signal is amplified by the low- 

30 noise amplifier 71 comprised of semiconductor am- 
plifying elements such as an HEMT, an FET, etc. 
and passive circuit parts for driving these semicon- 
ductor amplifying elements. Thereafter, the level of 
the signal, which lies outside of the necessary 

35 frequency band, is attenuated again by an inter- 
stage filter 111, followed by inputting to a mixer 73. 
The mixer is also supplied with a signal outputted 
from a local oscillator 74 and the output of the 
mixer becomes an intermediate frequency signal, 

40 after which it is inputted to an unillustrated subse- 
quent-stage receiver circuit. 

On the other hand, a signal transmitted from an 
unillustrated transmitter circuit is amplified by a 
power amplifier 75 comprised of semiconductor 

45 amplifying elements such as an FET, etc. and 
passive circuit parts for driving these semiconduc- 
tor amplifying elements. Thereafter, the amplified 
signal is supplied to the antenna 150 through a 
coupler 76, an isolator 77 and a transmitting filter 

so 33 so as to be transmitted through the antenna 
150. The coupler is comprised of a microstrip line 
and passive circuit parts and is used to detect the 
level of a transmitting signal. However, the coupler 
is not always an essential component. The isolator 

55 is made up of ferrite and serves as a device having 
a function of transmitting a signal in one direction. 
However, this isolator is not always an essential 
component either. 
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Fig. 6(a) is a top plan view showing the state of 
a structure of the present embodiment as seen 
from above. Fig. 6(b) is a partial sectional enlarged 
view showing the structure of a multilayer dielectric 
1 employed in the present embodiment and makes 
use of the multilayer dielectric substrate 1 stacked 
in a configuration similar to that employed in the 
fifth embodiment shown in Figs. 5(a) and 5(b). 
Namely, the multilayer dielectric 1 is constructed 
such that a dielectric layer 14 is fabricated on a 
conductor substrate 15 and a dielectric layer 12 is 
formed on the dielectric layer 14. At this time, the 
patterns such as the two-branch strip line 20, etc. 
shown in Fig. 1(c) are provided on the dielectric 
layer 14. A portion on which the patterns such as 
the two-branch strip line 20, etc. are provided, will 
be referred to as a conductor layer 13 for conve- 
nience of illustration and described. 

The devices such as the transmitting and re- 
ceiving filter 100, etc. shown in Fig. 5(a) are fab- 
ricated on the dielectric layer 12. A portion on 
which the devices such as the transmitting and 
receiving filter, etc. are provided, will be referred to 
as a conductor layer 1 1 for convenience of illustra- 
tion and description. A glass organic material such 
as a glass-cloth base epoxy resin or the like is 
used as the dielectric layer and copper is consid- 
ered as a material of a conductor to be used. 

The manner of disposing the two-branch strip 
line on the dielectric layer 14, which is employed in 
the present embodiment, is identical to that em- 
ployed in the fifth embodiment of Figs. 5(a) and 5- 
(b). Namely, now considering that a cutting plane 
line is taken as AA' as shown in Fig. 6(a), and a 
portion as seen in an upper direction from the 
cutting plane line AA* and a portion as seen in a 
lower direction from the cutting plane line AA' will 
be referred to as sides a and b, respectively, in the 
drawing. In this case, the two-branch strip line is 
provided on the dielectric layer 14. However, the 
two-branch strip line is constructed so as to be 
disposed on the a side as shown in Fig. 6(a) when 
the branching filter module is seen from above. 

In Fig. 6(a), a transmitting and receiving filter 
100 is provided on the a side on the dielectric layer 
12, whereas the low-noise amplifier 110, the inter- 
stage filter 111, the band-pass filter 112, the 
switcher 113 and circuit elements such as a sur- 
face-mounting type resistor R, a capacitor C, etc. 
are provided on the b side. Of course, a conductor 
plate for ensuring a closed structure is disposed on 
the a side so that the impedance of the two-branch 
strip line is stabilized. 

Further, necessary coil elements may be dis- 
posed in an internal layer of the multilayer dielec- 
tric 1 (on the b side of the dielectric layer 14, for 
example) as spiral flat coils. Although wiring pat- 
terns for connecting between these elements and 
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wiring patterns for connecting between the trans- 
mitting and receiving filter 100, the low-noise am- 
plifier 110, the switcher 113 and the circuit ele- 
ments are not shown in the drawing, desired elec- 
5 trical connections between them are made using 
via holes defined in the respective layers of the 
stacked multilayer dielectric 1. The present em- 
bodiment has the same advantageous effect as that 
obtained in the fifth embodiment of Figs. 5(a) and 
w 5(b) and is suitable for a size reduction in the 
mobile radio apparatus having the diversity receiv- 
ing function. 

Where receiver circuits of two systems are 
used as shown in Fig. 9 which is a block diagram 
J5 of a circuit arrangement of a high-frequency sec- 
tion of a mobile radio apparatus having a diversity 
receiving function, a portion indicated by broken 
line block D in Fig. 9 can be realized as a branch- 
ing filter module. Therefore, the present embodi- 
20 ment is also suitable for a size reduction in such a 
radio apparatus. 

In Fig. 9, a signal received by an antenna 400 
is subjected to a filtering process in a receiving 
filter 43". That is, the level of a signal, which lies 
25 outside a necessary frequency band, is reduced or 
attenuated by the receiving filter. Further, the at- 
tenuated signal is amplified by a low-noise am- 
plifier 110' comprised of semiconductor amplifying 
elements such as an HEMT, an FET, etc. and 
30 passive circuit parts for driving these semiconduc- 
tor amplifying elements. Thereafter, the level of the 
signal, which lies outside the necessary frequency 
band, is attenuated again by an interstage filter 
111', followed by inputting to a mixer 73'. The 
35 mixer is also supplied with a signal outputted from 
a local oscillator 74* and the output of the mixer 
becomes an intermediate frequency signal after 
which it is inputted to an unillustrated subsequent- 
stage receiver circuit I. Similarly, a signal received 
40 by an antenna 300 is also subjected to a filtering 
process in a band-pass filter 112'. Namely, the 
level of a signal, which lies outside a necessary 
frequency band, is attenuated by the band-pass 
filter. Further, the attenuated signal level amplified 
45 by a low-noise amplifier 110" comprised of semi- 
conductor amplifying elements such as an HEMT, 
an FET, etc. and passive circuit parts for driving 
these semiconductor amplifying elements. There- 
after, the level of the signal, which lies outside of 
so the necessary frequency band, is attenuated again 
by an interstage filter 111", followed by inputting to 
a mixer 73". The mixer is also supplied with a 
signal outputted from a local oscillator 74" and the 
output of the mixer becomes an intermediate fre- 
55 quency signal after which it is inputted to an unil- 
lustrated subsequent-stage receiver circuit II. Either 
one of the signals received by the antennas 300 
and 400 is selected by an unillustrated switcher 

12 
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electrically connected to a subsequent stage to 
thereby realize a diversity function. 

On the other hand, a signal transmitted from an 
unillustrated transmitter circuit is amplified by a 
power amplifier 75* comprised of semiconductor 
amplifying elements such as an FET, etc. and 
passive circuit parts for driving these semiconduc- 
tor amplifying elements. Thereafter, the amplified 
signal is supplied to the antenna 400 through a 
coupler 76', an isolator 77' and a transmitting filter 
33" so as to be transmitted through the antenna 
400. The coupler is comprised of a microstrip line 
and passive circuit parts and is used to detect the 
level of the transmitting signal. However, the cou- 
pler is not always an essential component. The 
isolator is made up of ferrite and serves as a 
device having a function of transmitting a signal in 
one direction. However, this isolator is not always 
an essential component either. 

A seventh embodiment according to the 
present invention will now be described with refer- 
ence to Figs. 10(a) and 10(b). Similarly to the sixth 
embodiment of Figs. 6(a) and 6(b), the present 
embodiment shows the case where the broken line 
block C in Fig. 8 is used as the branching filter 
module. In the present embodiment, however, 
transmitting and receiving filters for a branching 
filter are accommodated within a single package 
100 and circuit elements or the like are disposed in 
a separate manner. In this case, however, chip-like 
amplifying elements (such as a paired chip for IC), 
which are not included in the package, are used to 
realize an amplifying function. 

Fig. 10(a) is a top view showing the manner of 
a structure of the present embodiment as seen 
from above. Fig. 10(b) is a partial sectional en- 
larged view illustrating the structure of a multilayer 
dielectric 1 employed in the present embodiment. 
Namely, the multilayer dielectric 1 is constructed 
such that a dielectric layer 14 is fabricated on a 
conductor substrate 15 and a dielectric layer 12 is 
formed on the dielectric layer 14. At this time, the 
patterns such as the two-branch strip line 20, etc. 
shown in Fig. 1(c) by way of example, are provided 
on the dielectric layer 14. A portion on which the 
patterns such as the two-branch strip line 20, etc. 
are provided, will be referred to as a conductor 
layer 13 for convenience of illustration and descrip- 
tion. Devices such as a transmitting and receiving 
filter 100, etc. shown in Fig. 10(a) are provided on 
the dielectric layer 12. A portion on which the 
devices such as the transmitting and receiving fil- 
ter, etc. are provided, will be referred to as a 
conductor layer 11 for convenience of illustration 
and description. An organic material such as a 
glass-cloth base epoxy resin or the like is used as 
the dielectric layer and copper is considered as a 
material of a conductor to be used. 



The manner of disposing the two-branch strip 
line on the dielectric layer 14, which is employed in 
the present embodiment, is identical to that em- 
ployed in the fifth embodiment of Figs. 5(a) and 5- 

5 (b). Namely, considering that a cutting plane line is 
taken as AA* as shown in Fig. 10(a) and a portion 
as seen in an upper direction from the cutting 
plane line AA' and a portion as seen in a lower 
direction from the cutting plane line AA' will be 

10 referred to as sides a and b in the drawing, respec- 
tively. In this case, the two-branch strip line is 
provided on the dielectric layer 14. However, the 
two-branch strip line is constructed so as to be 
disposed on the a side as shown in Fig. 10(a) when 

75 a branching filter module is seen from above. 

In Fig. 10(a), the transmitting and receiving 
filter 100 is provided on the a side on the dielectric 
layer 12, whereas an amplifying element 120, an 
interstage filter 111, a band-pass filter 112, a 

20 switcher 113 and circuit elements such as a sur- 
face-mounting type resistor R, a capacitor C, etc. 
are provided on the b side. Of course, a conductor 
plate for ensuring a closed structure is disposed on 
the a side so that the impedance of the two-branch 

25 strip line is stabilized. 

Further, necessary coil elements may be dis- 
posed in an internal layer of the multilayer dielec- 
tric 1 (on the b side of the dielectric layer 14, for 
example) as spiral flat coils. Although wiring pat- 

30 terns for connecting between these elements and 
wiring patterns for connecting between the trans- 
mitting and receiving filter 100, a low-noise am- 
plifier 110, a switcher 113 and circuit elements are 
not shown in the drawing, desired electrical con- 

35 nections between them are made using via holes 
defined in the respective layers of the stacked 
multilayer dielectric 1 . 

A chip-like amplifying element 120, a switcher 
123 and printing resistance circuit elements and 

40 the like, which are not packed into a package, are 
disposed and sealed within an area indicated by a 
dot line F in Fig. 10(a). The elements, which exist 
within the area indicated by the dot line F in Fig. 
10(a), are electrically connected to one another by 

45 bonding wires. Since such a construction permits 
high-density mounting, the module can be further 
reduced in size. Further, since the multilayer di- 
electric 1 is used, the capacitor C can be fab- 
ricated on each dielectric layer by a wiring pattern. 

50 This can reduce the number of external parts and 
enables a reduction in size and improvements in 
workability and economy. 

According to the present invention as has been 
described above, different parts can be mounted 

55 on an outer layer (e.g., an upper surface of a 
dielectric layer, which is situated in an upper layer) 
by providing a two-branch strip line at an inter- 
mediate position of a dielectric substrate com- 

13 
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prised of a plurality of layers. Further, since a 
surface-wave filter, which does not need a match- 
ing circuit, is used, a branching filter is advanta- 
geous to its size reduction. 

Since the length of the two-branch strip line s 
can be reduced to a length corresponding to about 
half of normal length, a branching filter is advanta- 
geous to its further size reduction. It is therefore 
possible to easily realize the small-sized branching 
filter or branching filter module. Further, an am- w 
plifying circuit, other filter (interstage filter), other 
circuit elements, etc. can be easily constructed in 
combination. In this case, parts of the circuit ele- 
ments can also be disposed in an intermediate 
position of a dielectric substrate. It is therefore 15 
possible to form a circuit system which is less 
affected by external noise, high in performance and 
small in size. Moreover, since the surface area of a 
dielectric layer employed in the present invention 
is narrower than that of a conventional dielectric 20 
layer, a branching filter module, which is inexpen- 
sive and provides less loss, can be constructed 
even if an expensive and high-frequency high-per- 
formance substrate is used. If this type of branch- 
ing filter module or branching filter is used, then 25 
different radio apparatus can be realized which are 
extremely small in size. 

While we have shown and described several 
embodiments in accordance with the present in- 
vention, it is understood that the same is not limit- 30 
ed thereto but is susceptible of numerous changes 
and modifications as known to those skilled in the 
art, and we therefore do not wish to be limited to 
the details shown and described herein but intend 
to cover all such changes and modifications as are 35 
encompassed by the scope of the appended 
claims. 

Claims 

40 

1. A high-frequency apparatus comprising: 

a conductor substrate (11); 

a first dielectric layer (14) provided on said 
conductor substrate (11); 

a strip conductor (13) provided on said 45 
first dielectric layer (14); 

a second dielectric layer (12) provided on 
said strip conductor (13) and having through 
holes (A) provided therein; and 

at least one elastic surface-wave element 50 
(33, 43) provided over said second dielectric 
layer (12) in a position above said strip con- 
ductor (13) and connected to said strip con- 
ductor (13) by said through holes (A). 

55 

2. A high-frequency apparatus according to claim 
1, further comprising a conductor member for- 
ming a strip line provided on said second 



dielectric layer and located in a position above 
said strip conductor, said at least one elastic 
surface-wave element being connected to said 
strip line and being connected to said strip 
conductor by said strip line and said through 
holes. 

3. A high-frequency apparatus according to claim 
1, wherein said at least one elastic surface- 
wave element is provided on said second di- 
electric layer. 

4. A high-frequency apparatus according to claim 
1, wherein said high-frequency apparatus is a 
branching filter, said strip conductor being a 
two-branch strip line conductor having trans- 
mitting and receiving terminals to which de- 
vices including an antenna are connectable, 
said at least one elastic surface-wave element 
including transmitting and receiving elastic sur- 
face-wave filters provided on the second di- 
electric layer and above said two-branch strip 
line conductor so as to be connected to 
branches of said two-branch strip line conduc- 
tor through said through holes, respectively. 

5. A high-frequency apparatus according to claim 
4, wherein respective conductor members for- 
ming first and second strip lines are provided 
on said second dielectric layer and located in a 
position above said two-branch strip line con- 
ductor, one of said first and second strip lines 
being connected to said transmitting elastic 
surface-wave filter and the other of said first 
and second strip lines being connected to said 
receiving elastic surface-wave filter, said trans- 
mitting and receiving elastic surface-wave fil- 
ters being connected to respective ones of 
said branches of said two-branch strip-line 
conductor by said first and second strip lines 
and said through holes. 

6. A high-frequency apparatus according to claim 
4, wherein said second dielectric layer has a 
terminal for inputting a transmitting signal re- 
ceived by said transmitting elastic surface- 
wave filter, a terminal for outputting a filtering 
signal from said transmitting elastic surface- 
wave filter, a terminal for inputting a transmit- 
ting signal received by said receiving elastic 
surface-wave filter and a terminal for outputting 
a filtering signal from said receiving elastic 
surface-wave filter, each of said terminals be- 
ing provided on said second dielectric layer. 

7. A high-frequency apparatus according to claim 
6, wherein each of said transmitting and re- 
ceiving elastic surface-wave filters includes a 
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plurality of elastic surface-wave resonators 
formed on a piezoelectric substrate and spiral 
coils formed on a substrate different from the 
piezoelectric substrate, said elastic surface- 
wave resonators being respectively electrically 
connected to said spiral coils. 

8. A high-frequency apparatus according to claim 
4, wherein at least one circuit including a 
matching circuit, an amplifying circuit and an 
interstage filter is provided on said second 
dielectric layer so as to be connected to at 
least one terminal of said at least one elastic 
surface-wave element. 

9. A high-frequency apparatus according to claim 
4, wherein said high-frequency apparatus is a 
branching filter module including said branch- 
ing filter therein, said branching filter module 
further including at least one circuit including a 
matching circuit, an amplifying circuit and an 
interstage filter provided on said second di- 
electric layer in a space other than a space 
above a space in which said two-branch strip 
line conductor provided on said first dielectric 
layer is disposed, said at least one circuit 
being connected to at least one terminal of 
said at least one elastic surface-wave element. 

10. A high-frequency apparatus according to claim 
6, wherein said high-frequency apparatus is a 
branching filter module including said branch- 
ing filter therein, said branching filter module 
further including at least one circuit including a 
matching circuit, an amplifying circuit and an 
interstage filter provided on said second di- 
electric layer in a space other than a space 
above a space in which said two-branch strip 
line conductor provided on said first dielectric 
layer is disposed, said at least one circuit 
being connected to at least one terminal of 
said at least one elastic surface-wave filter, and 
at least any component forming said at least 
one circuit is connected to at least one termi- 
nal of said at least one elastic surface-wave 
element by said through holes. 

11. A high-frequency apparatus according to claim 
4, wherein said high-frequency apparatus is a 
radio communication apparatus including said 
branching filter therein, and further comprising 
an antenna connected to said transmitting and 
receiving terminals, a transmitter circuit for 
transmitting a transmitting signal to an input 
terminal of said transmitting elastic surface- 
wave filter, and a receiver circuit for electrically 
processing a received signal produced from an 
output terminal of said receiving elastic sur- 



face-wave filter. 

12. A high-frequency apparatus according to claim 
4, further comprising a band-pass filter, an 

5 output of said band-pass filter and an output of 

said receiving elastic surface-wave filter being 
supplied to a switching circuit, said switching 
circuit being responsive to a control signal for 
selecting and providing one of the output of 

10 said band-pass filter and said receiving elastic 

surface-wave filter to an interstage filter 
through a low-noise amplifier. 

13. A high-frequency apparatus according to claim 
75 12, wherein said high-frequency apparatus is a 

branching filter module including said branch- 
ing filter therein and having said switching cir- 
cuit, said low-noise amplifier and said inter- 
stage filter provided on said second dielectric 
20 layer. 

14. A high-frequency apparatus according to claim 
1 3, wherein said high-frequency apparatus is a 
radio communication apparatus including said 

25 branching filter module therein, further com- 

prising a first antenna connected to said trans- 
mitting and receiving elastic surface-wave fil- 
ters and a second antenna connected to said 
band-pass filter. 

30 

15. A high-frequency apparatus according to claim 
4, further comprising a band-pass filter provid- 
ing an output to a first interstage therein 
through a first low-noise amplifier, said receiv- 

35 ing elastic surface-wave filter providing an out- 

put to a second interstage filter through a 
second low-noise amplifier. 

16. A high-frequency apparatus according to claim 
40 15, wherein said high-frequency apparatus is a 

branching filter module including said branch- 
ing filter therein and having said band-pass 
filter, said first and second low-noise amplifiers 
and said first and second interstage filters pro- 
45 vided on said dielectric layer. 

17. A high-frequency apparatus according to claim 
15, wherein said high-frequency apparatus is a 
radio communication apparatus including said 

so branching filter module therein, and further 

comprising a first antenna connected to said 
transmitting and receiving elastic surface-wave 
filters and a second antenna connected to said 
band-pass filter. 

55 

18. A high-frequency apparatus according to claim 
4, further comprising an open stub provided on 
said first dielectric layer in a space other than 

15 
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a space in which said two-branch strip line 
conductor is disposed, said open stub being 
connectable to said transmitting elastic sur- 
face-wave filter. 

5 

19. A high-frequency apparatus according to claim 
4, further comprising a flat conductor plate 
provided on said second dielectric layer and a 
third dielectric layer provided on said flat con- 
ductor plate, said at least one elastic surface- w 
wave element being provided on said third 
dielectric layer. 
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FIG. 2(a) 
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FIG 3(a) 
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FIG. 6(a) 
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